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Eco-printing, also known as botanical printing,
is a natural dyeing process in which plant
materials are arranged on fabric and transferred
pigments through heat and pressure. Unlike
conventional textile printing, which relies
heavily on synthetic dyes and chemicals, eco-
printing uses naturally occurring pigments,
making it environmentally friendly and
biodegradable.

The process typically involves treating the fabric
with a mordant such as alum or iron to help bind
plant pigments to the textile. Leaves and flowers
are then placed on the fabric, rolled tightly, and
steamed or boiled. As heat is applied, the natural
dyes migrate from the plant material to the
fabric, imprinting their shapes and colors in
surprising and often unpredictable ways.

The Science Behind the Art

Eco-printing is not just an artistic pursuit; it is
deeply rooted in chemistry and plant physiology.
The pigments responsible for color such as
tannins, anthocyanins, and flavonoids react
differently depending on the type of fabric,
mordant used, pH conditions, and temperature.
For example, tannin-rich leaves like eucalyptus
or guava tend to produce strong, well-defined

Agro

ISSN: 3048-6580

prints, while delicate flowers yield softer, more
diffuse patterns.

The interaction between mordants and plant
compounds determines the final color outcome.
Alum generally produces brighter shades, while
iron tends to darken colors and create more
muted tones. This interplay makes eco-printing
both a controlled experiment and a creative
exploration.

Why Eco-Printing Matters

The textile industry is one of the largest polluters
globally, with synthetic dyes contributing
significantly  to pollution  and
environmental degradation. Eco-printing offers a
sustainable alternative by reducing reliance on
harmful chemical dyes and promoting the use of

water

renewable, locally available plant resources.

Additionally, eco-printing aligns with the
principles of slow fashion emphasizing quality,
craftsmanship, and environmental consciousness
over mass production. Each eco-printed fabric is
unique, carrying the imprint of specific plant
from a particular place and time, making it both
a textile and a story.
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Step-by-Step Protocol for Eco-Printing

The following step-by-step protocol can be
followed to eco-print fabrics at home or at a
small-scale production level:

1. Selection of Fabric

Eco-printing begins with the careful selection of
fabric, which is a critical determinant of the final
outcome. To facilitate successful botanical
printing, synthetic polymers (e.g., polyester,
nylon) must be excluded due to their lack of
reactive chemical sites. Only natural fibers such
as cotton, silk, wool, or linen are suitable
because they contain reactive functional groups
that can chemically bind with natural dyes.
Protein fibers like silk and wool generally
produce sharper and more defined prints due to
better dye affinity, whereas cotton, being
cellulose-based, often results in softer
impressions and requires more effective pre-
treatment.

Proteinaceous Substrates (Silk and
Fibroin/Keratin  Matrices): Derived  from
animal origins (wool, silk), these amphoteric
polymers possess an abundance of highly
reactive amino (-NH) and carboxyl (-COOH)
groups along their peptide backbones. These
functional groups are exceptionally receptive to
metallic mordant ions, allowing for rapid, high-
affinity ligand binding. Consequently, protein
fibers yield superior print definition and vibrant

chromatic saturation with minimal
preprocessing.
Cellulosic Substrates (Cotton, Linen, and

Hemp): Composed of linear B-(1—4)-D-glucan
chains, plant-based fibers present a more
chemically inert, uniform crystalline structure
dominated by hydroxyl groups. Cellulosic
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matrices exhibit a lower natural affinity for

metallic cations and require multi-stage
structural optimization - often involving pre-
treatment with supplementary tannins - to
artificially build the chemical “bridge” necessary

for robust pigment fixation.
2. Scouring (Pre-treatment Cleaning)

The next step is scouring, which involves
thoroughly cleaning the fabric to remove
impurities such as oils, waxes, dirt, and any
residual chemicals from manufacturing. This is
typically done by washing the fabric in hot water
with a mild detergent or soda ash solution.
Proper scouring enhances the fabric’s
absorbency and ensures uniform dye uptake. If
this step is inadequate, the final print may appear
uneven or patchy due to blocked dye penetration.

3. Mordanting (Fixing Agent Treatment)

Following scouring, the fabric undergoes
mordanting, a crucial chemical treatment that
enables the fixation of plant pigments onto the
fiber.
commonly used, where alum tends to produce
brighter shades and iron results in darker, muted

tones. The fabric is soaked in the mordant

Mordants such as alum or iron are

solution for a specified duration, allowing metal
ions to form a bridge between the fabric and dye
molecules. This step significantly influences
both color intensity and fastness, although
excessive mordanting especially with iron can
damage the fabric.

4. Selection of Plant Material

The selection of plant material plays a vital role
in determining the color and clarity of the print.

Upcycled Bio-waste Precursors: Kitchen and
agricultural residues, such as the outer tunic
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of Allium cepa (onion skins) or the seed cores
of Persea americana (avocado pits), provide
abundant sources of tannins and anthocyanins,
yeilding different ochres and soft pink tones,
respectively.

The pigments present in these materials,
including tannins, flavonoids, and anthocyanins,
interact differently depending on environmental
conditions, making each print unique. Freshness,
maturity, seasonal variation of plant

materials also influence the results.

and

Anthocyanin and Flavonoid
Precursors: Tagetes sp. (marigold), Coreopsis,
cosmos, bougainvillea, teak leaves, eucalyptus,
guava and rose leaves/inflorescences yield rich
carotenoid and flavonoid profiles, producing
vibrant, light-fast yellow and orange hues.

1. Selection of Fabric

« Isolate natural matrices
» Protein (Silk/Wool):
High affinity
1| = Cellulose (Cotton/Linen):
Dense crystalline

A glucan chains

2. Aqueous Scouring

5. Design Layout (Placement of Plant

Material)

Once the materials are ready, the design layout is
created by arranging the plant material directly
onto the damp, mordanted fabric. The placement
determines the final pattern, and folding the
fabric can create symmetrical or layered designs.
Maintaining adequate moisture is essential for
effective pigment transfer during heating.

6. Rolling and Binding

The fabric is then rolled tightly around a rod or
pipe and securely bound with thread. This
ensures close contact between the plant material
and fabric, which is essential for achieving sharp
and well-defined prints. Loose binding can lead
to blurred or indistinct patterns.

3. Mordanting Treatment

.+ Metallic cation immersion

A+ Alum (KAI(SO,),) or Iron
(FeSO,) creates
coordination bridges on
amorphous regions

+ High-temp alkaline bath

+ Desorbs spinning oils,
wax, and industrial
residues to prevent
patchy dye blockages

PHASE II:
5. Design Pattern Layout

. e %+ Manual layout on damp substrate

= Optimize contact surface
boundaries

+ Retain baseline moisture matrix

= Source fresh, high-tannin vegetative tissues

« Identify targeted biomolecules (Flavonoids,
Anthocyanins) across seasonal variations
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PHASE III:

THERMODYNAMIC CATALYSIS & PIGMENT LIGAND COMPLEATION

| Induction |

8. Equilibrium Cooling

6. Mechanical Rolling & Binding | (
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* Mandrel winding around

rigid core
+ Maximize tension I

parameters '
« Eliminates fluid boundary B
layers to prevent image
blur distortion

= Saturated steam exposure « Structural stabilization

= Thermal lysis of plant
cell walls

= Pigment migration to
mardant site

. » Cools completely prior to
uncoupling to stabilize
the newly formed bonds

# }

10. Curing / Oxidation Aging ) )
F 8§ * .‘._ + Multi-day resting buffer stage * Rinsing of labile debris |
‘ + Atmospheric chemical oxidation « Preserves localized prints
= Solidifies pigment depth / fastness | + Shade-drying (UV shield)
Step by step protocol for ecoprinting
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7. Steaming / Heating

The bundled fabric is subjected to heat through
steaming or boiling, where dye transfer occurs.
Heat breaks down plant cell structures, releasing
pigments that migrate into the fabric and react
with the mordant. Maintaining proper
temperature and duration is critical, as excessive
heat can degrade pigments, while insufficient
heat results in weak prints.

8. Cooling and Unwrapping

After heating, the bundles are allowed to cool
completely before unwrapping. This stabilizes
dye-fiber bonding. Premature unwrapping may

disturb the print and reduce color intensity.

9. Washing and Drying
The fabric is gently washed to remove
unattached pigments and residues. Initial

washing is done with plain water to preserve
prints. Drying in shade prevents UV-induced
fading.

10. Curing / Aging

Finally, curing allows the fabric to rest for
several days before final use. During this period,
slow oxidation stabilizes pigments, improving
color fastness and depth. This step significantly
enhances durability.

Cushion Covers

Pouches

Table Runners

Different products made out of eco printing
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Different Products Made from Eco-
Printing

Eco-printing offers a wide range of value-added
products across fashion and home décor sectors.
These products are unique, sustainable, and
highly appealing to eco-conscious consumers:

1. Sarees— Elegant traditional wear with
natural leaf and floral imprints, popular in
artisanal and designer markets.

2. Scarves and Stoles — Lightweight, high-

products ideal for showcasing

intricate botanical patterns.

and Kurtas — Contemporary

combining sustainability with

value

3. Dresses
garments
fashion.

4. Shirts — Casual and semi-formal wear with
distinctive eco-printed designs.

5. Tote Bags — Durable and eco-friendly
alternatives to plastic bags, widely used and
marketable.

6. Cushion Covers — Home décor items that
add a natural and aesthetic appeal to
interiors.

7. Table Runners and Table Linen -
Decorative household textiles with unique
botanical impressions.

8. Pouches and Accessories— Small utility
products with high market demand,
especially among tourists.

9. Dupattas — Traditional accessories with
artistic eco-printed motifs.

10. Wall Hangings and Fabric Panels — Artistic
applications suitable for interior decoration.

These diversified products demonstrate that eco-
printing is not only an artistic and scientific
livelihood and

practice but also aviable
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entrepreneurial
women and rural communities.

opportunity, particularly for

Conclusion

Eco-printing is more than a craft; it is a
philosophy that reconnects humans with nature
while addressing pressing environmental
concerns. By  blending with
sustainability, it offers a meaningful pathway
toward greener textiles. Each print reflects
nature’s artistry, making eco-printing both a
scientific and aesthetic practice.

creativity

As the world moves toward sustainable
solutions, eco-printing is gaining momentum
globally. In countries like Indonesia, this art
form is rapidly expanding, with artisans and
designers integrating traditional knowledge with
contemporary textile practices. In India,
particularly in Tamil Nadu, the government is
actively encouraging women to produce eco-
printed textiles and market them through
government-run emporiums, thereby supporting
rural livelihoods and promoting sustainable
entrepreneurship.

Places like Auroville, which attract a large
number of international visitors, have become
important hubs for eco-printed products.
Tourists often purchase these unique, nature-
based fabrics, creating a strong market demand.
This model highlights the potential for eco-
printing as a viable livelihood option, especially
in regions with high tourist inflow. Women and
local communities in such areas can adopt eco-
printing as a sustainable enterprise, combining
environmental responsibility with  income
generation.
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